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INTRODUCTION
Many workers have recently drawn attention to the relation between habitat structure and faunal diversity. In deciduous forests in eastern North America, for example, the diversity of breeding bird species in a community increases with increasing patchiness or vertical layering of the vegetation (MacArthur and MacArthur, 1961; MacArthur, 1965), and a correlation between increasing habitat complexity and diversity in breeding bird faunas seems most general (e.g., Karr and Roth, 1971; Cody, 1970; Orians, 1969) . Diversity in lizard faunas also may be related to habitat complexity (Pianka, 1967; Schoener and Schoener, 1971) , and the structure of some small mammal communities may be closely tied to structural heterogeneity of the environment (Rosenzweig and Winakur, 1969) . These observations and others have led to the development of a rather extensive body of theory of habitat heterogeneity (e.g., Levins, 1968 ; MacArthur and Levins, 1964 Levins, , 1967 MacArthur and Pianka, 1966) , although a good deal of this theory remains untested.
In forest communities a good share of the increase in bird species diversity with increasing patchiness in the vertical distribution of foliage may be due to an increased vertical layering of the bird species. Spatial overlap between species, as projected on a single horizontal plane, may thus be extensive. In structurally simple habitats such as grasslands, however, opportunities for vertical layering are absent, and vegetation patchiness should be largely horizontal. Here, one might expect the effects of vegetation structure on avian community organization to be more subtle in one sense, and more evident in another, than in forests. They are more subtle because the number of bird species and the range in habitat complexity are smaller and relationships are thus more easily blurred, and are more evident because the effects of piatchiness should be expressed in single hoirizontal plane and thus be more amenable to direct measurement.
It is my intent here to examine the nature of habitat heterogeneity in North American grasslands and to assess its impact on several aspects of the organization of breeding bird communities. Habitat heterogeneity is emphasized because of its theoretical relationship, to community structure, but it should be emphasized that other habitat features may be of equal or greater importance in the habitat selection responses or utilization patterns of individual bird species.
STUDY AREAS AND SAMPLING METHODS
The data for this analysis were gathered between 1967 and 1971 in 25 plots at 15 sites which were broadly distributed over the North American grasslands (Fig. 1 ). Plots were located in tall grass, mixed grass, short grass, Palouse, montane and northern shrub steppe community types (generalized from Kiichler, 1964) and were subjected to differing intensities of grazing by domestic or native (bison, antelope) herbivores (Table 1) At each sample area, a 9.2-to 10.6-ha study plot was delineated by laying out a staked grid with 61-m grid intervals. This grid served as the base for both avian population estimation and vegetation sampling.
Population estimation.-Population densities of all species breeding on the study plots were estimated by mapping individual territories using the "territory-flush" procedure (Wiens, 1969) . A singing male was flushed from its display site, and its initial position, flight path and landing position were plotted on a scaled field map. This procedure was repeated until a minimum of 20 consecutive flushes were mapped. A line enclosing the periphery of these movements was then drawn to delimit the territory boundary. Breeding individuals generally remained within clearly delimited areas during these flushes, and independent observations indicated a close agreement of these "flush areas" with breeding territories. After all the territories of a species were mapped, the total number of territories and portions of territories lying within the plot boundaries was determined and multiplied by a mating system conversion factor (2.0 for typically monogamous species, 2.5 for typically polygynous species such as meadowlarks [Sturnella magna and S. neglecta] and dickcissel [Spiza americana]) to obtain the plot census. These values were then converted to total individuals/km2. Standing crop biomass values for each species population on a plot were obtained by multiplying the population density estimate by the mean live body weight per individual, using weight values from specimens collected nearby. The results of these plot censuses are available upon request.
Vegetation structure analysis.-Features of vegetation structure were recorded at sampling positions (hereafter termed "sample units") located according to a stratified random design, with one unit within each block of the 5 X 5 grid. At each sample unit, four "sample points" were located at the corners of a square with 2-m diagonals (Fig. 2) . The standard sampling intensity was thus 2.7 sample units/ha, or 10.8 sample points/ha. At each sample point a variety of vegetational features were measured (see Wiens, 1969 ), but only the following are of concern here. The vertical distribution or density of the vegetation was measured by recording the number of contacts or "hits" of living or standing dead plant parts in each decimeter height interval of a thin rod passed vertically through the vegetation. Vegetation types were categorized by growth form, and the per cent cover of grass, woody vegetation (e.g., Artemisia) or bare unvegetated ground was obtained from the frequency of occurrence of these types at all sample points within a plot. In addition, the depth of the ground litter or mulch was measured at each sample point. Table 1 ), is related to several other measures of grassland habitat structure. As plot heterogeneity increased, there was a general reduction in grass cover and an increase in cover by woody vegetation and bare ground (Fig. 3) . In general, these trends parallel the gradients of decreasing annual precipitation and decreasing annual net primary production recognized in the series tall grassmixed grass-short grass-shrub steppe (Wiens, in press ). This suggests that in grasslands where production and, presumably, absolute food resource abundance are the least, the spatial distribution of these resources is the most uneven or patchy. This is counter to the relationships found in forests, where structural complexity generally increases with increasing productivity (Whittaker and Woodwell, 1972) .
The height distribution of vegetation in a field is also related to heterogeneity (Fig. 4A) . In tall grass sites, where heterogeneity was low, the proportion of vegetation occurring within 10 cm of ground level was low. This was also the case in the highly heterogeneous shrub steppe, but here largely because of the high shrub dominance in the vegetation. Short grass sites, with almost all of the vegetation located within 10 cm of the ground, had intermediate heterogeneity index values. The Palouse-prairie plots generally had higher heterogeneity index values than would be predicted on the basis of the height distribution of vegetation; this, of course, is a consequence of the bunchgrass growth form of the dominant grasses (Festuca, Agropyron).
Litter characteristics were also closely tied to heterogeneity of vertical vegetation density. Litter depth generally decreased with increasing heterogeneity (Fig. 4B) these features might be expected to have marked effects on breeding populations. There was, finally, a close association between habitat heterogeneity, measured at the within-sample-unit level, and between-sampleunit variation (Fig. 4D) . Plots characterized by high heterogeneity on a small scale were generally patchy on the larger scale as well.
Avian community organization. Given such patterns of variation in habitat patchiness, it is customary to search for related patterns in avian community structure. The diversity of bird populations breeding on the plots, calculated by H' = -:4pi loge pi (where pi = the proportion of all individuals belonging to the ith species: i = 1, 2, ..., S), was relatively uniform and showed no relationship to plot heterogeneity at either the within-sample-unit or between-sample-unit levels (Table 2 Variations in diversity measures can stem from differences in species richness or in the equitability of distribution of individuals among species, or both (Lloyd and Ghelardi, 1964). The lowest diversity values (0.44 to 0.74) were recorded at Cottonwood, Pantex and Laramie; at the first two sites, single species dominance (or low equitability) had important effects on diversity, while at Laramie the low number of species recorded (two) was responsible for the low diversity index (Table 2 ). Thus, in the plot censuses, neither diversity component showed any systematic pattern of variation along the heterogeneity gradient.
The density of breeding bird populations was variable among the range of grassland sites (Table 2) , but, again, there was no strong association between this aspect of community organization and habitat heterogeneity. There was a weak tendency for density to decrease with increasing within-sample-unit heterogeneity (linear regression; R = 0.404; F = 4.09; 0.10 > p > 0.05) (Fig. 5B ). This inverse relationship was more strongly expressed in relation to between-sample-unit patchiness, however (R = -0.507; F = 7.28; p < 0.05). Thus, vegetation patchiness at a scale approximating that of individual terri- Table 2 . No relationships are apparent, either to variations in breeding densities or to variations in plot heterogeneity. Most values are intermediate, suggesting that at the total density levels characteristic of a wide range of habitat types, the plots were packed to a roughly similar extent. Further, it appears that the plots were not maximally packed with individuals of all species present. This would be expected, of course, only if all areas within a plot were equally suitable to individuals of all species, and the "incomplete" degree of spatial overlap among the species breeding on a plot suggests that the species may react differently to the mosaic of habitat patches characterizing a plot (see Wiens, 1969; Wiens, in press ).
While relationships between habitat patchiness and the species diversity, dominance, density, and spatial patterns of the avian communities of these grassland plots were thus absent or weak, there was a significant inverse relationship, between within-sample-unit vegetational heterogeneity and the total standing-crop biomass of the avian community (Table 2; Fig. 5C ). These variations in total community biomass are not paralleled by variations in the density of individuals or the number of breeding species, suggesting that the degree of niche differentiation and the densities of breeding individuals may be limited at generally similar levels over a wide range of grassland and even shrub steppe habitats (Wiens, in press), while avian biomass generally decreases with decreasing primary productivity. There was no significant relationship between standing crop biomass and between-sample- Fig. 6 . Clearly, the decreases in standing crop biomass between the tall grass, mixed grass and short grass plots stem largely from a shift in dominance (or replacement) from large-sized species to medium-sized species. Especially noticeable is the contrast between the nearly complete dominance of medium-sized species in most short grass plots and the generally equitable distribution of individuals among the three size classes in the tall grass plots. Montane, Palouse and shrub steppe plots apparently supported lower biomass because of the increased predominance of small-sized species. While the significance or adaptiveness of this pattern of biomass distribution is not entirely clear, I have suggested (Wiens, in press) that food supply may be less limiting in short grass than in tall grass habitats; competition related to food resources may thus be less severe, and selection for divergence in body sizes of coexisting species (related to divergence in food-size specialization) less intense. The apparent convergence in body size in short grass species may reflect common adaptive responses to some noncompetitive niche dimension (e.g., thermal stress). In shrub steppe, most breeding species are essentially carnivorous, in contrast to the largely omnivorous nature of the true prairie species; the predominance of small-sized species there may be associated with the higher metabolic costs of carnivory.
Responses influences of other habitat and/or historical factors unrelated to plot heterogeneity. While the two meadowlark species were complementary in their distributions among the plots, other species overlapped extensively in their distributions. Grasshopper sparrows and horned larks in particular were widespread through the grasslands. Grasshopper sparrows, however, reached highest density in the low heterogeneity plots, while homed larks were most abundant in moderately patchy plots (Fig. 7B) .
While individual species do exhibit distributional patterns paralleling the gradient of plot heterogeneity, the meaning of these relationships is far from clear. The horizontal patchiness of vegetation in a habitat, of course, is only one aspect of its overall structure, and other unrelated structural features may also influence population densities. Also, the response of a species to habitat structure may vary depending upon the numbers and kinds of other bird species present, as potential resource competition becomes more severe or less severe. Still, these single-species responses to horizontal habitat heterogeneity do suggest that this feature, or perhaps structural features correlated with heterogeneity (see above), have important effects upon the ecology of the species. The most likely influence is upon patterns of habitat utilization within territories. Individuals of most grassland species distribute their behavioral activities unevenly through their territory, nesting in one area, displaying in others and foraging in still others. Generally, the areas selected for each of these activities have distinctive structural properties (Wiens, 1969) , and for some activities, such as foraging, horizontal habitat patchiness especially seems important. The key to understanding these single species relationships to habitat heterogeneity may lie in the patterns of habitat utilization characteristic of a species. Studies of activity budgets and the utilization of habitat structure are currently in progress.
CONCLUSIONS
Of the characteristics of avian community organization considered, only the amount and partitioning of standing crop biomass show distinct relationships to variations in habitat patchiness. But if other factors, such as climatic irregularity (Wiens, in press), impose limits on species numbers and densities in grasslands, perhaps no well-defined community relationships to habitat structure should be expected. Individual species, on the other hand, apparently do respond to variations in habitat heterogeneity or vegetational features associated with heterogeneity. If these responses are species specific and independent of other species, as seems likely, one would not expect closely coevolved, coherent groupings of grassland species to exist, but rather diverse, relatively independent patterns of species distributions (Whittaker and Woodwell, 1972). This also would lessen the likelihood of encountering well-defined community patterns.
Obviously, factors others than habitat heterogeneity may influence bird populations and communities in grasslands, and multifactor analyses must be undertaken, Also, any real understanding of the manner in which habitat patchiness affects breeding birds must rely upon detailed, intensive behavioral studies. Simplistic generalizations, such as those relating structural complexity to avian community attributes (MacArthur, 1965), may be inherently pleasing and may apply in some habitat types, but seem unrealistic in grasslands. ).
In Table 2 , I presented overlap index values for the various grassland and shrub-steppe breeding communities. Index values calculated using equation (2) rather than equation (1) are given in Table A 
